Presence of gluten in the diet is the only well-established environmental factor in celiac disease (CD), and is prerequired as indicated in the disease definition (gluten-sensitive enteropathy). 1 A strong genetic predisposition through the presence of HLA antigen types DQ2 or DQ8 2 and detailed understanding of how the HLA-molecules present modified deamidated gluten to reactive T-cells 3 are the pillars of the current understanding of how CD develops. Recently, this knowledge has been supplemented by genome-wide association studies and candidate gene studies, identifying loci with significant but small effects coding for regulatory elements and for genes involved in immunity. 4, 5 Apart from gluten exposure in the diet, lines of evidence point to timing and dose of gluten in the weaning diet during infancy to affect the risk of disease. 6 However, the optimal method and time frame for introduction of gluten has not yet been established. In a prospective birth cohort following genetically susceptible individuals carrying HLA antigen risk alleles, the risk for CD was found to be elevated with gluten introduction ,4 months of age, but also increased when introduction was delayed to .6 months as compared with 4 to 6 months. 7 In Sweden, an epidemic of CD has been reported where incidence rates increased rapidly particularly among children ,2 years born during [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] . 8 This has been attributed partly to an increased dose of gluten and a delay in the time for gluten introduction in the weaning diet. This was followed by a decline in incidence rates in the young age groups when the amount of gluten again was reduced. The decline in incidence rates could partly be attributed to increased breastfeeding rates during the same period. 9 A protective effect of breastfeeding has been shown in several observational studies and summarized in a metaanalysis. 10 At present, it is unclear whether a protective effect of breast milk is limited to its presence during gluten introduction. It has also been proposed that breastfeeding may delay onset of symptoms and diagnosis of CD rather than offer actual protection against disease. 11 Tolerance to food antigens is closely controlled by the innate and adaptive immune system. Environmental factors likely to be involved in tolerance development are maternal diet during pregnancy and lactation, the infant' s diet, mode of delivery, micronutrients, and gut microbiota. 12 A window effect during a critical period in which the infant' s immune system is more likely to adapt to food antigens with development of oral tolerance has been hypothesized. 13 The aim of the current study was to study the association between timing of gluten introduction modified by breastfeeding and the risk of CD in childhood in a prospective birth cohort.
METHODS
The Norwegian Mother and Child Cohort Study (MoBa) is a prospective population-based pregnancy cohort study conducted by the Norwegian Institute of Public Health. 14 Participants were recruited from all over Norway from 1999 to 2008, and 38.7% of invited women consented to participate. The cohort now includes 109 000 children, 91 000 mothers, and 71 700 fathers. The questionnaires are filled out weeks 17, 22, and 30 of pregnancy, at ages 6 and 18 months, and 3, 5, 7, 8, and 12 years. Core data from the Medical Birth Registry are linked to the study database. The current study is based on version VII of the quality-assured data files released for research in June 2012.
Informed consent was obtained from each MoBa participant upon recruitment.
The substudy and linkage to the patient registry was approved by The Regional Committee for Medical Research Ethics in South-Eastern Norway.
The Norwegian Patient Register
The Norwegian Patient Register (NPR) is an administrative database containing activity data from all Norwegian government-owned hospitals and outpatient clinics. Reporting of data to the NPR is mandatory and linked to the governmental reimbursement system for funding of health services. Diagnoses are reported as International Classification of Diseases, 10th Revision codes. Individual-level data are available from 2008 onward when the 11-digit personal identification number unique to every Norwegian citizen was included.
Outcome Definition
The diagnostic criteria from the European Society of Pediatric Gastroenterology, Hepatology and Nutrition published in 1991, which were in use during this period, require a smallbowel biopsy for diagnosis of CD. As biopsies are performed in governmentowned hospitals only, all children with biopsy-proven CD will have been diagnosed at facilities reporting to the NPR. However, as the registration started on January 1, 2008, there is a possibility that cases diagnosed before this date and not seen biannually in the outpatient clinic as recommended from the guidelines 15 are lost from the patient register. For this study, the NPR provided data from 2008 through 2011 for children participating in MoBa. CD is registered as the entry code in NPR, when children are referred to biopsy due to suspect CD, and this code is not removed if the biopsy does not confirm the diagnosis. To prevent misclassification due to unconfirmed CD, we demanded at least 2 entries of a celiac diagnosis in the NPR. At the age of 7 and 8, the MoBa questionnaire contains a specific question of CD diagnosed in the child. The cases identified from parental questionnaires were added to the ones identified twice in the registry.
A total of 395 children with CD (245 girls, 62%) were identified from 106 917 live births: 325 children had a minimum of 2 entries in the NPR, and 70 had the diagnosis from questionnaires of whom 27 also had 1 entry in the NPR. Two hundred forty-two children had a single entry in the NPR, which could not be supported by parental reports, and these were not included among the celiac cases.
After exclusion because of missing information on gluten exposure at 6 months' age (n = 22 297) or concerning maternal CD (n = 2453), 324 children with CD and 81 843 cohort controls constituted the complete cases in the analysis (Fig 1) .
Questionnaires
A linkage to The Medical Birth Registry provided maternal age, mode of delivery, birth weight, and gestational age. From questionnaires completed during pregnancy, information concerning maternal CD, education, and smoking was obtained. At 6 months of age, the questionnaire contained information on breastfeeding for each month since birth (yes/no). Introduction of solids (subtypes of cereals, vegetables, and fruits) was similarly reported for each month up to 6 months' age. The questionnaire at 18 months contained separate fields for presence of breastfeeding in 3-month intervals (6-8, 9-11, 12-14, 15-18) , and the medians of these intervals were used as fixed numbers when calculating the duration of breastfeeding.
Statistics
Analyses were performed by using the SPSS 19.0 (IBM SPSS Statistics, IBM Corporation) or Stata12 (Stata Corp, College Station, TX) statistical software packages. The main analysis was conducted by using logistic regression analyses. Variables with P , .1 in bivariate analyses were included in the adjusted multiple regression model. Unadjusted and adjusted odds ratios (aORs) for complete cases are presented in the main tables.
A sensitivity analysis was conducted by performing multiple imputations on the entire data set, containing 106 917 subjects. Multiple imputation by chained equations were implemented by using Stata 12 (command: mi impute chained), with variables CD, gender, maternal CD, age at which gluten was introduced (continuous), breastfeeding duration (continuous), mothers age, categorical education, birth weight, and caesarean status. Ten imputed data sets were generated with 200 iterations of burn-in each. The main analyses were then rerun on the imputed data sets, and changes in estimates (from the complete case analyses) were observed.
RESULTS

Cases and Cohort Characteristics
Complete information was available up to 6 months for 324 children with CD and 81 843 cohort controls, and up to 18 months for 287 with CD and 67 628 cohort controls. Background characteristics of included and excluded participants are found in Table 1 .
Early Infant Feeding
Gluten was introduced in the cohort before or at 4 months in 8.0%, at 5 or 6 months in 45.3%, and after 6 months in 46.6%. Breastfeeding was continued by 78.1% of the mothers at 6 months' age ( Table 1) .
A trend to introduce gluten at a later age during the recruitment period was seen with introduction #6 months in 62.0% for the cohort born in 2000 as compared with 16.4% in 2009, whereas breastfeeding rates at 6 months fluctuated at ∼78% for the whole recruitment period (Fig 2) .
Age of Gluten Introduction and Association With Risk of Celiac Disease
CD was diagnosed in 3.68/1000 of the infants who had been introduced to gluten at 5 or 6 months of age. In the early introduction group (#4 months), the proportion with diagnosed CD was 4.24/1000 and 4.15/1000 in the late introduction group (.6 months).
Significant predictors for CD in univariate analyses were maternal CD, female gender, and age of the child (odds ratio [OR], 1.21 [95% confidence interval (CI), 1.15-1.27]), whereas no significant associations were found with mode of delivery, smoking, birth weight, gestational age, parity, maternal age, and education (Supplemental Table 5 ).
In a model adjusted for child' s age and gender, maternal CD, and breastfeeding (Table 2) , an increased risk for CD in the group introduced to gluten after 6 months was found (aOR, 1.27 [95% CI, 1.01-1.65], P = .045). Early introduction of gluten was not associated with increased risk for CD in the adjusted analyses ( In a subanalysis of children breastfed .12 months, the aOR for CD was 1.59 (0.96-2.62) for those introduced to gluten after 6 months.
Breastfeeding and Risk of Celiac Disease
Mean duration of breastfeeding in cases and controls was 10.4 and 9.9 months, respectively (P = .031). In the analysis adjusted for maternal CD, age and gender of the child and age at introduction of gluten, we observed a positive association between duration of breastfeeding and the risk for CD (aOR, 1.49 [95% CI 1.01-2.21], P = .046) for infants breastfed .12 months as compared with ,6 months. In the multiple imputed and adjusted model, 
FIGURE 2
Proportion at 6 months of age with gluten introduction and continued breastfeeding during the recruitment period from 2000 to 2009.
the association was similar (aOR, 1.46 [95% CI, 1.06-2.02], P = .02). For intermediate duration of breastfeeding (6-12 months) no significant association was found (Table 3) , and the association was nonlinear with indications of a threshold effect after 12 months age (Fig 3) .
Gluten Introduction During Breastfeeding
During the first 6 months of life, continued breastfeeding for 1 month beyond the first gluten exposure was defined as "gluten introduced during breastfeeding," and borderline overlapping breastfeeding as gluten introduction from 1 month before to 1 month after cessation of breastfeeding. Details on first gluten exposure were stated only in the questionnaire at 6 months' age. The effect of gluten introduction during breastfeeding could thus be assessed only for the group where gluten had been introduced at 6 months of age (170 with CD and 44 986 cohort controls). In this subgroup, the risk of CD was highest in those breastfed .1 month after gluten introduction, but the difference was not statistically significant (aOR, 1.17 [95% CI, 0.74-1.87], P = .50) ( Table 4) .
DISCUSSION
Timing of Gluten Introduction
The study indicates that introduction of gluten later than 6 months of age is associated with an increased risk of CD. This finding is well in accordance with a previous prospective birth cohort study following high-risk individuals with either known HLA antigen risk alleles for CD or first degree relatives with type 1 diabetes. 7 The reported effect size was smaller in the current study. This could be due to a selected high-risk cohort compared with our population-based study. Systematic screening was not performed in the current study, a different approach from the comparable study where annual screening for CD was done and a relatively high number of asymptomatic individuals were detected. Another prospective study of high-risk individuals for type 1 diabetes and CD could not confirm an association between timing of gluten introduction and CD, but was inadequately powered to detect differences. 16 Early introduction of gluten, usually defined as before 4 months' age, has been hypothesized as a trigger for CD. [17] [18] [19] We could not confirm previous findings of a similarly increased risk in the group with early gluten introduction.
However, in our cohort only 8% of the infants were introduced to gluten before 5 months, and 0.9% started gluten ingestion before 4 months. Thus, the power to assess a possible association with early introduction was low.
From the Swedish epidemic, timing of gluten introduction has been assessed as a risk factor without clear evidence in the case-control study. 20 A high amount of gluten in the weaning diet was associated with an increased risk, and suggested as a contributing factor from the peak epidemic years. 21 A striking difference between pediatric CD in Norway and Sweden is the age at diagnosis. Whereas a study in Norway revealed ,10% to be diagnosed before the age of 2 years with the highest incidence rates from 2 to 5 years of age (abstract; Stordal et al, WCPGHN 2012) 22 , the Swedish registry recorded during the years of highest incidence the majority (up to 67%) diagnosed before age 2 and the highest incidence rates before 2 years of age. 23 Our data add evidence to the hypothesis of a window effect for introduction of food antigens. 13 An important on-going randomized control trial is expected to provide further evidence for the optimal age to introduce gluten in the diet. 24 The trend to delay gluten introduction during the recruitment period was in accordance with a change in national recommendations for infant feeding. Similar to the World Health Organization guidelines, solitary breastfeeding and avoidance of solid feeds up to 6 months' age was recommended in new guidelines from 2001. 25 A potential adverse effect of delayed introduction of solids may have consequences for future guidelines for infant feeding.
Breastfeeding and Risk of Celiac Disease
The association between breastfeeding prolonged beyond 12 months' age and an increased risk for CD is, to our knowledge, not previously reported.
The association was nonlinear, with a significantly higher risk when comparing duration ,6 months with .12 months. However, the borderline significance found after adjustment for confounding factors, calls for caution in the interpretation.
Breastfeeding may be continued for reasons unrecorded in our data (ie, hereditary risks for CD not present in the mother or because of perceived symptoms of food sensitivity in the infant). Because of the observational design of the study, we cannot rule out the possibility of reverse causation.
Nonetheless, the finding contradicts former observations of a protective effect of breastfeeding. 10, 20 The breastfeeding rate at 6 months of 78% in our cohort is markedly higher than in comparable studies, typically ranging from 34% to 63%. 16, 26 Thus, potential protective effects of breastfeeding could have reached a ceiling effect in our cohort. Alternatively, protective effects could be limited to early onset disease, as the association found in previous studies between early onset CD and breastfeeding has not been observed for those diagnosed .2 years of age. 6, 20 In the current study, the association remained statistically significant after adjusting for gluten introduction before or after 6 months. However, the actual age of gluten introduction after 6 months and the amount of gluten in the infant diet from 6 to 18 months has not been recorded. Thus, we hypothesize that the higher risk observed in those breastfeeding beyond 12 months could be driven by underlying differences in gluten introduction, as this group could have an even more delayed gluten introduction. Delayed introduction could also be associated with higher amounts ofgluten at introduction, impacting on the risk for CD.
An umbrella effect of continued breastfeeding when gluten is introduced in the diet has been suggested based on epidemiologic data. 20, 27, 28 The hypothesis of a protective effect of breastfeeding during gluten introduction could not be supported by our data, but the sample size in this part was too small to draw firm conclusions.
The strength of our study is the prospective design, which prevents the recall bias encountered in case-control studies. Questionnaires were completed close to the actual exposures of interest and before the CD was diagnosed. The external validity of the study is ensured with a population-based design. Breastfeeding duration and time of gluten introduction is similar to the general Norwegian population. 29, 30 A known selection of mothers in the study has not been found to influence on the association between several exposures and outcomes. 29 The diagnosis of CD in this study is based on the national patient register or parental reports. We do not have access to patient files and clinical data for details regarding biopsy results and
aOR (95% CI) for CD and duration of breastfeeding. Adjusted for maternal CD, gender, and age of child and age at gluten introduction. Included in the analysis are only those where gluten had been introduced at or before 6 mo age (n = 45 326). a Adjusted for maternal CD, gender, and age of child.
serological markers to validate the diagnosis. The relatively strict case definition with 2 or more entries in the NPR was chosen to avoid false-positives among the celiac cases at the expense of false-negatives in the cohort as a whole. We expect some undiagnosed as well as misclassified celiac patients in the cohort both due to our relatively strict criteria for classifying disease and because of the well-known high rate of undiagnosed compared with diagnosed cases in screening studies. 26, 27 However, CD has been found to be undiagnosed in 1% to 2% of the population in screening studies. [26] [27] [28] This could potentially reduce the size of the observed associations, with ORs closer to 1 if the risk factors are similar in the diagnosed and undiagnosed group of patients with CD.
CONCLUSIONS
We observed a higher risk of CD with delayed gluten introduction as well as with prolonged breastfeeding .12 months, though the effects were of modest sizes. Gluten introduction ,4 months was uncommon in the population, and the study was not powered to assess this association. Development of tolerance may be facilitated by timely introduction of gluten, but factors involved in loss of tolerance needs further studies.
